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Abstract
Purpose Public health policies and actions increasingly acknowledge the climate burden of food consumption. The aim of 
this study is to describe dietary intakes across four European countries, as baseline for further research towards healthier 
and environmentally-friendlier diets for Europe.
Methods Individual-level dietary intake data in adults were obtained from nationally-representative surveys from Denmark 
and France using a 7-day diet record, Italy using a 3-day diet record, and Czech Republic using two replicates of a 24-h recall. 
Energy-standardised food and nutrient intakes were calculated for each subject from the mean of two randomly selected days.
Results There was clear geographical variability, with a between-country range for mean fruit intake from 118 to 199 g/day, 
for vegetables from 95 to 239 g/day, for fish from 12 to 45 g/day, for dairy from 129 to 302 g/day, for sweet beverages from 
48 to 224 ml/day, and for alcohol from 8 to 15 g/day, with higher intakes in Italy for fruit, vegetables and fish, and in Den-
mark for dairy, sweet beverages and alcohol. In all countries, intakes were low for legumes (< 20 g/day), and nuts and seeds 
(< 5 g/day), but high for red and processed meat (> 80 g/day). Within countries, food intakes also varied by socio-economic 
factors such as age, gender, and educational level, but less pronounced by anthropometric factors such as overweight status. 
For nutrients, intakes were low for dietary fibre (15.8–19.4 g/day) and vitamin D (2.4–3.0 µg/day) in all countries, for potas-
sium (2288–2938 mg/day) and magnesium (268–285 mg/day) except in Denmark, for vitamin E in Denmark (6.7 mg/day), 
and for folate in Czech Republic (212 µg/day).
Conclusions There is considerable variation in food and nutrient intakes across Europe, not only between, but also within 
countries. Individual-level dietary data provide insight into the heterogeneity of dietary habits beyond per capita food supply 
data, and this is crucial to balancing healthy and environmentally-friendly diets for European citizens.
Keywords Diet · Foods · Nutrients · Dietary guidelines · Europe · SUSFANS
Introduction
Poor dietary habits are the second-leading risk factor for 
deaths and disability-adjusted life-years (DALYs) glob-
ally, accounting for 10.3 million deaths and 229.1 million 
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DALYs in 2016 [1]. Low intakes of whole grains, fruit and 
vegetables, and nuts and seeds, and high intakes of alcohol 
and sodium ranked among the leading risk factors for early 
death and disability in European populations. However, as 
westernisation of diets progressed, diets high in red and 
processed meat, followed by diets high in sugar-sweetened 
beverages and low in milk are becoming a growing public 
health concern.
Dietary patterns are shaped by cultural, environmental, 
technological and economic factors, and they have become 
more similar over time owing to a general rise in living 
standards and globalisation of the food sector [2, 3]. Also 
in Europe there is a growing similarity of diets, in which 
traditional diets of Northern and Mediterranean countries 
are converging towards a more Western diet, viewed by the 
increased share of fruit and vegetables in Northern coun-
tries and the increased share of animal-based products in 
Mediterranean countries [4–6]. Increase in animal-based 
products and excessive caloric intake have been thought 
as a key factor in nutrition transition, which warrants the 
need for public health action to promote healthier food 
patterns consistent with traditional cultural preferences, 
hence the development of food-based dietary guidelines.
Food-based dietary guidelines are evidence-based inte-
grated messages aimed at the general population for main-
taining health and the prevention of non-communicable 
diseases [7, 8]. Promoting the intake of whole grains, fruit 
and vegetables, low-fat dairy and fish, and limiting the 
intake of red and processed meat, sugar-sweetened food 
products, alcohol and salt is covered by most national 
food-based dietary guidelines [9], although recommended 
quantities may differ. Monitoring food consumption pat-
terns and assessing adherence to dietary guidelines in a 
nationally representative sample is especially regarded as 
a key instrument for evaluating the effectiveness of public 
health action towards a healthier diet.
In recent years, public health policies and actions have 
increasingly acknowledged the climate burden of food 
production and consumption, hence the need to address 
the food-climate connection, as outlined in the SUSFANS 
project (Metrics, Models and Foresight for European SUS-
tainable Food And Nutrition Security) [10]. Production 
and technological changes in the food system will, how-
ever, not be sustainable without a change in food con-
sumption patterns. The SUSFANS project, therefore, 
elaborates on the status-quo of diets and the design of opti-
mised diets that are environmentally Sustainable, Healthy, 
Affordable, Reliable and Preferred (SHARP). This paper 
is a first step to study European food consumption pat-
terns in terms of food groups and nutrients using national 
dietary survey data carried out at the individual level in 
four countries. Intakes of food groups and nutrients were 
compared with current food-based dietary guidelines and 
nutrient reference values, overall and in relevant popula-
tion subgroups.
Populations and methods
Data sources
Individual-level dietary intake data from national dietary 
surveys representative for different European regions, i.e. 
Denmark (Scandinavia) [11], Czech Republic (Central 
East Europe) [12], Italy (Mediterranean) [13] and France 
(Western Europe) [14], were collated for adult population 
aged ≥ 18 years within the SUSFANS project [10]. These 
four countries were chosen to capture the wide range of 
foods and agricultural commodities, including their extreme 
intakes, that are incorporated in the diverse European food 
consumption patterns.
Survey characteristics
Survey characteristics are shown in Table 1. National repre-
sentativeness was ensured using random sampling based on 
civil registration systems in Denmark [11], national census 
data in Czech Republic [12] and France [14], and national 
census data with telephone books in Italy [13] that served as 
sampling frame, and followed by appropriate weighing for 
socio-demographic parameters, as applied in Denmark [11, 
15] and France [14]. Surveys were organised throughout the 
whole year, covering the four seasons of the year, and have 
dietary data on week- and weekend-days.
Method of dietary assessment
In the four study countries, dietary intake was assessed over 
two to seven 24-h periods, either consecutively for 3–7 days 
using a diet record, as applied in Denmark, Italy and France 
[11, 13, 14], or non-consecutively spaced over a 3–5 months 
sampling period using two replicates of 24-h recall, as 
applied in Czech Republic [12]. In the present analyses, 
dietary intake from two random days has been reported. To 
this end, two non-consecutive days were sampled in Den-
mark, Italy and France, whereas all available days were used 
in Czech Republic.
Food and nutrient intakes
Intakes of food groups and nutrients were calculated for each 
subject from the mean of the selected two days, and were 
standardised for energy using the density method. Densi-
ties were calculated as the absolute value divided by total 
energy intake, and multiplied by 2000 kcal. Harmonised 
food groups, including similar foods, have been elaborated 
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using the ‘Exposure Hierarchy’ of the food classification and 
description system FoodEx2 developed and revised in 2015 
by the European Food Safety Authority (EFSA) [16, 17]. A 
main challenge to encounter when grouping the foods was 
the level of food disaggregation; disaggregation of foods into 
ingredients was only considered as necessary for composite/
prepared foods provided that the food itself was not included 
in FoodEx2, but its ingredients are. Nutrient intakes were 
calculated from dietary sources only, i.e. excluding dietary 
supplements, using country-specific food composition tables 
[18–24]. Intakes of added sugar, plant and animal protein were 
calculated based on food selection. Added sugar was defined 
as the total sugar intake minus sugars naturally occurring in 
fruits, vegetables and dairy. Plant protein was defined as pro-
tein derived from cereals, legumes, nuts and seeds, and others 
(including potatoes, vegetables, fruits, etc.). Animal protein 
was defined as protein derived from meat and meat products, 
fish and fish products, egg and egg products, milk and milk 
products (including cream, cheese and butter). None of the 
data excluded under- and over-reporting, however, misreport-
ing was identified using Goldberg equation [25] and adopted 
by Black [26] (Online Resource 1).
Dietary quality
Foods
To evaluate European populations’ energy-standardised 
food group intakes, references values were set for the 
food groups that are important for disease risk reduction 
based on an inventory of the current food-based dietary 
guidelines of European countries. Minimum values were 
set for foods that are beneficial for health, such as fruits 
and vegetables, and maximum values for foods that are 
unfavourable for health, such as red and processed meat 
(see Box 1). Reference values were derived using the 2015 
Dutch food-based dietary guidelines [8] as reference point, 
complemented by the food-based dietary guidelines of the 
four countries [27–30] in which the less restrictive refer-
ence values were chosen.
Table 1  Dietary surveys in four European countries, i.e. Denmark, Czech Republic, Italy and France, including adult population only
BMI Body Mass Index
a Included in the present study were for Czech Republic both day, for Denmark and France two randomly selected days, and for Italy the first and 
the last day of the national dietary survey
Denmark Czech Republic Italy France
Survey characteristics, including adult population only
 Survey, year The Danish National Survey 
on Diet and Physical 
Activity 2005–2008
National Food Institute, 
Technical University of 
Denmark (DTU)
Czech National Food 
Consumption Survey 
2003–2004 (SISP04)
National Institute of Public 
Health
Italian National Food Con-
sumption Survey INRAN-
SCAI 2005–2006
National institute for 
Research on Food and 
Nutrition
Individual and National 
Study on Food 
Consumption INCA-2 
2006–2007
Agence Française de 
Sécurité Sanitaires des 
Aliments (AFSSA)
 Population 18–75 years 18–90 years 18–98 years 18–79 years
 Method of dietary assess-
ment a
7-day diet record on con-
secutive days
24-h recall on two non-
consecutive days
3-day diet record on con-
secutive days
7-day diet record on 
consecutive days
Baseline characteristics of the study sample, including adult population only, n (%)
 Sample size (response 
rate)
2025 (54%) 1869 (54%) 2831 (33%) 2624 (60%)
 Age, 18–64 years 1739 (85.9%) 1666 (89.1%) 2313 (81.7%) 2276 (86.7%)
 Gender, men 777 (44.7%) 793 (47.6%) 1068 (46.2%) 936 (41.1%)
 Educational level, low 248 (14.2%) 345 (20.7%) 692 (31.7%) 1039 (45.8%)
 Overweight status, 
BMI ≥ 25
739 (43.2%) 864 (51.9%) 828 (35.8%) 871 (38.7%)
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Nutrients
To evaluate European populations’ energy-standardised 
nutrient intakes, nutrient density of the diet was quanti-
fied using Nutrient Rich Diet (NRD) score [31, 32], i.e. 
overall summary estimate of nutrient intakes based on the 
principles of the Nutrient Rich Food Index [33, 34]. The 
NRD algorithm was calculated as:
NRD X ⋅ Y =
i=X∑
i
Q
nutrient i
DRVi
× 100 −
j=Y∑
j
Q
nutrient j
MRVj
× 100
where X is the number of qualifying nutrients, Y is the num-
ber of disqualifying nutrients, Q nutrient i or j is the average 
daily intake of nutrient i or j, DRV is the dietary reference 
value of qualifying nutrient i and MRV j is the maximum 
recommended value of the nutrient to limit j. DRVs are 
defined using reference values from EFSA [35], i.e. average 
requirement (AR), and adequate intake (AI) if AR cannot 
be set, and MRVs using reference values of World Health 
Organisation [36, 37] and Food and Agriculture Organisa-
tion [38].
In the present analyses, NRD9.3 and NRD15.3 were 
used. The NRD9.3, including nine nutrients for which 
Box 1  A set of food-based dietary guidelines for European countries, including their exposure definition and reference values, developed for the 
SUSFANS project
a Reference values were derived from current food-based dietary guidelines, using the 2015 Dutch food-based dietary guidelines [8] as reference 
point, complemented by the food-based dietary guidelines of the four countries [34–37] in which the less restrictive reference values was chosen 
(Quantitative guideline)
b‘ Foods to replace’ represent food groups for which insufficient convincing evidence was available to set a fixed cut-off point, however replace-
ment of those food products by a healthier alternative is recommended (Qualitative guideline)
Exposure definition Reference  valuesa
Foods to increase
 Fruit All kind of fruits (including fresh, dried, tinned or canned fruit 
products, but excluding fruit juice)
≥ 200 g/day
 Vegetables All kind of vegetables (including fresh, dried, tinned or canned 
vegetable products, but excluding potatoes, vegetable juices 
and vegetables from soup, sauces and ready-to-eat products)
≥ 200 g/day
 Legumes Kidney beans, pinto beans, white beans, black beans, garbanzo 
beans (chickpeas), lima beans, split peas, lentils, and edamame 
(green soybeans)
≥ 135 g/week (≥ 19 g/day)
 Nuts and seeds Walnuts, almonds, hazel, cashew, pistachio, macadamia, Brazil, 
pecan, pine nuts, flax seeds, sesame seeds, sunflower seeds, 
pumpkin seeds, poppy seeds, and peanut
≥ 15 g/day
 Dairy products Food products produced from the milk of mammals, including 
milk, yoghurt, fresh uncured cheese, quark, custard, milk pud-
dings, excluding cheese and butter
≥ 300 g/day
 Fish All kind of fish and fish products ≥ 150 g/week (≥ 21 g/day)
Foods to decrease
 Red and processed meat Red meat: all mammalian muscle meat, including beef, veal, 
pork, lamb, mutton, horse and goat, excluding rabbit meat; 
Processed meat: meat transformed through salting, curing, 
fermentations, smoking or other processed to enhance flavour 
or improve preservation (e.g. meat products as sandwich filling, 
ready-to-eat minced meat, sausages, etc.)
≤ 500 g/week (≤ 71 g/day)
 Cheese All types of cheese formed by coagulation of milk protein casein ≤ 150 g/week (≤ 21 g/day)
 Sugar-sweetened beverages Cold beverages with added sugars (sucrose, fructose or glucose), 
for example fruit juices, fruit nectars, soft drinks, ice teas, 
vitamin-water or sports drinks with added sugars
≤ 500 ml/week (≤ 71 ml/day)
A lcohol (Ethanol) Ethanol content calculated from all kind of alcoholic beverages ≤ 10 g/day
Foods to  replaceb
 Whole grains Whole grains (bran, germ and endosperm in their natural propor-
tion) from cereals, pasta, bread, breakfast cereals and other 
grain sources
Replace white grains by whole grains
 White meat Meat from all kind of poultry, including rabbit meat Replace red and processed meat by white meat
 Soft margarine and oils Soft margarine: soft-solid fats made from vegetables oils; Oils: 
liquid fats at room temperature derived from plants or fish
Replace butter and hard margarines by soft 
margarine and oils
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intake should be promoted (protein, dietary fibre, calcium, 
iron, potassium, magnesium, and vitamin A, C and E) and 
three nutrients for which intake should be limited (satu-
rated fat (SFA), added sugar, and sodium), standardised for 
2000 kcal/day diet and capped nutrient intake at 100% of 
DRV was primarily chosen, based on its validation among 
US populations [33, 34]. To capture more nutrients that are 
potentially relevant for European populations, we also used 
its extended version, i.e. NRD15.3 that additionally included 
mono-unsaturated fatty acids, zinc, vitamin D and B-vita-
mins (B1, B2, B12, folate), but excluded magnesium. A sub-
score on the intake of qualifying nutrients is represented in 
NRD9 and NRD15, and that of disqualifying nutrients in 
NRDX.3, while the total score, i.e. NRD9.3 and NRD15.3, 
is a combination of both.
Estimating the dietary quality of European 
populations’ diets
Percentages of the population that adhere to food-based 
dietary guidelines and percentages of the population with 
inadequate nutrient intakes were estimated using the AR 
cut-point method [39], without correction for within subject 
variability. This percentage would be interpreted as proxy 
figures for adherence and inadequacy, because of differ-
ent survey’s methodologies. When the DRV of the nutri-
ent under study was defined as an AI (dietary fibre, potas-
sium, magnesium, vitamin D, E and B12), this percentage 
of populations with intake below AI was only applicable for 
comparison between countries and population subgroups. 
Dietary intakes were characterised in the overall country-
specific population of adults aged ≥ 18 years and in relevant 
population subgroups by age, gender, educational level, and 
overweight status. Subgroups by age included younger and 
middle-aged adults (18–64 years) and elderly (≥ 65 years). 
Younger and middle-aged adult populations were addi-
tionally stratified by gender, educational level using three 
categories, i.e. primary or lower secondary degree (‘low’), 
higher secondary degree (‘intermediate’) and university or 
post-university degree (‘high’), and overweight status using 
two categories, i.e. BMI < 25 and ≥ 25 kg/m2.
As the information available consisted only of summa-
rised data (i.e. mean and standard deviation of the energy-
standardised dietary intake under study and sample size), 
analysis of variance test was performed to check whether 
there were differences in mean intake of food groups and 
nutrients between countries and within countries by popula-
tion subgroups of age, gender, educational level and over-
weight status. Bonferroni post hoc test was used for multiple 
comparisons. A two sided p value below 0.0001 was con-
sidered as statistically significant. Statistical analyses were 
performed with SAS version 9.3 (SAS Institute Inc.).
Results
Baseline characteristics
Age and gender distribution were comparable between 
countries, with 80–90% of the population aged 18–64 years 
and 40–48% being men. Distribution of educational level 
varied markedly between countries; a low proportion of 
low-educated subjects in Denmark (15%) and a high pro-
portion in France (46%); but proportion of the high-educated 
subjects was the lowest in Czech Republic (8%) and varied 
between 23–33% for Denmark, Italy and France. Approxi-
mately half of the Czech population (52%) was overweight, 
BMI ≥ 25 kg/m2, whereas overweight in Denmark (44%), 
France (39%) and Italy (36%) was less prevalent.
Foods
Table  2 shows the energy-standardised intakes of food 
groups and general adherence to food-based dietary guide-
lines in four European adult populations, aged ≥ 18 years. 
Stratified intakes by age, gender, educational level and over-
weight status are shown in Table 3.
Foods to increase
Mean fruit and vegetable intake varied significantly between 
countries with lower intakes for Czech Republic (118 and 
95 g/day, respectively) and higher intakes for Italy (199 and 
239 g/day, respectively), and varied in the same direction 
between men and women within all four countries show-
ing higher intakes for women. Higher fruit intake was also 
observed in all four countries for the elderly and for subjects 
with a higher educational level, but no differences by over-
weight status. Vegetable intake tended to be higher among 
elderly in Denmark and France, among higher educated 
subjects in Denmark and Czech Republic, and among over-
weight subjects in Italy and France. Mean intakes of legumes 
(6.5–16.7 g/day), and nuts and seeds (0.5–2.6 g/day) were 
generally low in all countries. Mean intake of dairy was 
higher in Denmark (302 g/day), while fish was higher in 
Italy (44.6 g/day) and France (34.4 g/day).
Foods to decrease
Mean intake of red and processed meat was generally high 
in all countries (84–94 g/day). Within-countries, red and 
processed meat intake was lower for the elderly and women 
in all four countries, and except in Italy for the higher edu-
cated subjects, and in Czech Republic and France for the 
non-overweight. Alcohol intake varied between countries 
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with lower intakes in Italy (8.2 g/day) and higher intakes 
for Denmark (14.6 g/day), and varied within countries in 
the same direction by gender and overweight status with 
lower intakes for women and the non-overweight. Alcohol 
intake also tended to be lower for the young and middle-aged 
adults, except in Czech Republic where intake is lower for 
the elderly. For the higher-educated subjects, alcohol intake 
tended to be lower in Czech Republic and Italy, but higher 
in Denmark and France.
Foods to replace
Mean intakes of whole grains from cereals, pasta and bread 
were low in all countries, illustrated by the fraction of whole 
grains on total grains of ≤ 15% with one exception for who-
legrain pasta in France. Although mean intake of total break-
fast cereals per day was very low, the whole grain variants 
were primarily eaten. Intake of white meat was much lower 
than red and processed meat, in particular red and processed 
meat contributed to 70–80% of total meat intake comprising 
mainly of red meat in Denmark, Italy and France, and of pro-
cessed meat in Czech Republic. Intakes of butter and hard 
margarines were only slightly higher than intakes of soft 
margarines and vegetable oils, except for Denmark where 
butter and hard margarines were predominantly chosen as fat 
source, and for Italy where vegetable oils were dominating.
Nutrients
Table 4 shows the energy-standardised nutrient intakes, 
their corresponding proxy prevalence figures for inadequate 
intakes, and the NRD scores in four European adult popula-
tions, aged ≥ 18 years. Low intakes were observed for die-
tary fibre (15.8–19.4 g/day) and vitamin D (2.4–3.0 µg/day) 
in all countries, and for potassium (2288–2939 mg/day), and 
magnesium (268–285 mg/day), except in Denmark. Intake 
of vitamin E was lower in Denmark (6.7 mg/day), and folate 
in Czech Republic (212 µg/day). Mean intakes were high for 
protein (67.1–83.5 g/day), and iron (9.1–12.4 mg/day) in 
all countries analysed. Remaining nutrients, including cal-
cium, zinc, vitamin A, C, B1, B2, and B12, showed vary-
ing intake levels between countries. Of the three nutrients 
to limit, a large penalty was obtained from saturated fatty 
acids (11.1–15.1 E%) in all countries, and from estimated 
sodium intake (2797–4244 mg/day) except in Italy. Based 
on the NRD scores, it is apparent that the nutrient den-
sity of the diet was highest in Italy (NRD9.3 of 537, and 
NRD15.3 of 1051), followed by Denmark (NRD9.3 of 416, 
and NRD15.3 of 896) and France, and the lowest in Czech 
Republic (NRD9.3 of 327 and NRD15.3 of 787). Within 
countries, nutrient density of the diet tended to be higher Ta
bl
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for women in all four countries and for the higher-educated 
subject, except in Italy (Table 5).
Discussion
In this study, we found that dietary intakes varied markedly 
across the four European countries, irrespective of energy 
intake. Within countries, food intakes also varied markedly 
by socio-economic factors such as age, gender, and educa-
tional level, but less pronounced by anthropometric factors 
such as overweight status. However, the set of food-based 
dietary guideline was not met by a large part of the popula-
tion and/or population subgroup by age, gender, educational 
level or overweight status.
When describing food group intakes, mean daily intakes 
of fruit and vegetables, sweet beverages, and alcohol varied 
most between countries, showing higher intakes of fruit and 
vegetables, and lower intakes of sweet beverages and alcohol 
in Italy. In addition, we observed in Italy and France a simi-
lar vegetable intake among the different levels of education, 
whereas in Denmark and Czech Republic higher intake of 
vegetables was observed among higher-educated subjects; 
which is in line with previous studies conducted in European 
populations [40–42]. This region-dependent tendency might 
be attributed to the long-standing cultural tradition of using 
vegetables in the Mediterranean diet, as consumed in Italy 
and France, and is often easily recognisable by all layers of 
the population. However, a comparison of population sub-
groups within-countries is often closely related to dietary 
preferences, beliefs and practices of that particular consumer 
group. Higher intake of fish, nuts and seeds along with lower 
intake of red and processed meat are, for example, gener-
ally seen among women and higher-educated subjects, which 
might be driven by their health considerations and awareness 
of climate change [43].
When describing nutrient intakes summarised by the 
NRD9.3 and 15.3, the higher scores were observed for 
Italy, which is mainly attributed to their lower penalty 
score, i.e. NRDX.3, for the disqualifying nutrients of SFA 
and sodium. Because of the interrelation between food 
groups and nutrients intake, our results on variation in 
nutrient intakes can be partly reflected by our results on 
variation in food group intake. Low penalty score in Italy 
is likely to be in correspondence with its lower intakes 
for important sources of SFA intake such as butter and 
hard margarines, red and processed meat, and dairy prod-
ucts; however, with the estimates of sodium intake, cau-
tion must be applied, as they are very likely to be under-
estimated due to difficulties in quantifying sodium content 
in recipes and discretionary salt intake [44]. Moreover, 
when focussing on qualifying nutrients, higher sub-scores 
NRD9 and NRD15 were also observed for Italy, but intake 
for calcium, potassium and magnesium was lower when 
compared with Denmark; related to intake of dairy prod-
ucts and whole-grain products. It could, thus, be argued 
whether these summary estimates could be used solely to 
describe nutrient intakes, as they do not point out specific 
inadequate nutrient intakes.
In the context of the SUSFANS project, we prefer to 
describe dietary intakes in terms of foods rather than nutri-
ents, since foods are the constituents of a dietary pattern and 
the common denominator for linking dietary intakes with 
health, environment, affordability, consumer’s preferences, 
etc. Diet-associated environmental impact, in particular, 
has been attracting a lot of interest, as current food produc-
tion and consumption patterns have been recognised as a 
major human-induced driver of climate change [45]. Some 
European countries have, therefore, developed guidelines 
for diets that are both healthy and environmentally-friendly 
[46–49]. Such recommendations mostly emphasise the 
reduction of greenhouse gas emissions through propagating 
a shift towards plant-based foods. However, given European 
dietary intakes, there is still much progress to be made in 
this respect, simply showed by a percentage of around 35% 
for the intake of plant protein as opposed to total protein 
for the countries we studied. Moreover, predominant food 
groups contributing to animal and plant protein intake have 
been associated with regional and cultural traditions around 
dietary habits. Meat intake is regarded as the most important 
contributor to animal protein in European diets, but with dif-
ferences related to the amount and types of meat consumed, 
as also denoted by previous studies [50, 51]. With regard to 
plant protein, cereals and cereal products have been identi-
fied as the main contributor to plant protein in European 
diets [52], while joint contributions from vegetables, leg-
umes and fruit varied between countries, as observed in the 
present study.
The present study provides further support for the appli-
cation of individual-level dietary data to address the food-
climate connection. Often diet-associated environmental 
impact was quantified using food availability data related to 
food production, but not to food consumption as such. Using 
individual-level reported dietary data might, therefore, be 
regarded as a useful tool in the connection between health 
and environment with foods as their common denominator. 
Cross-country comparison of individual-level dietary data is, 
however, challenged by the dietary surveys conducted with 
different survey characteristics and data collection methods 
that may influence the comparability of the results. First, 
sampling procedures used in the surveys reported in this 
study varied in terms of recruitment methods, household and 
individual representativeness, number of subjects per house-
hold and weighting factors used; however, they all aimed at 
including a nationally representative sample of at least all 
age-sex categories. It still remains a possibility that those 
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who have agreed to participate form a group with a greater 
interest in health, hence more optimistic results.
Second, methods of dietary assessment used in the sur-
veys reported were conducted differently, with regard to the 
methods used and in the manner in which the assessment 
was carried out. Replicates of 24-h recall as applied in Czech 
Republic showed a higher mean energy intake compared 
to diet records as applied in Denmark, Italy and France. 
This might be explained by factors related to the methods 
themselves, such as reliance on memory and portion size 
estimations [53–55], and/or characteristics of the popula-
tions. Standardising intake data to a 2000 kcal/day diet had, 
therefore, the largest impact on results of Czech Republic; 
lowering its mean dietary intakes under the assumption that 
energy intake is positively correlated with food group and 
nutrient intake. Standardisation for energy is one of the more 
practical ways of reducing part of the extraneous variation 
in dietary estimates [56], and enables to study the relative 
contribution of food groups and nutrients intake to the total 
diet, regardless of energy intake. In the European Food COn-
sumption VALidation project, it has been suggested to adjust 
for BMI instead when analysing and interpreting dietary 
data of nutritional monitoring surveys to reduce mean bias 
at population level [57]. Given that stratified analyses by 
overweight status showed no relevant differences in dietary 
intakes within a country, it is questionable whether BMI-
adjusted values should be the main exposure of interest in 
the present study describing the heterogeneity of European 
diets.
Another important factor in estimating dietary intakes 
consistently is the number of days included in the dietary 
assessment to enable comparison between countries across 
Europe. In this study, dietary data were, therefore, standard-
ised for the number of days, but have not been corrected for 
time-interval between the two selected record/recall days, 
hence not corrected for within-subject day-to-day variability. 
Correcting for within-subject day-to-day variability would 
have resulted in comparable means for dietary intakes com-
pared to unadjusted data, though with a shrinkage of intake 
distributions which in turn would have decreased the per-
centage of the population above and below a cut-off point 
[58]. However, relying on consecutive days, including days 
spaced over a week time-interval, is likely to underestimate 
the within-subject day-to-day variation [59] because of the 
interdependence of days that captures some of the day-to-
day variation in the between-subject variation [60, 61]. Thus, 
this day-interdependence would have resulted in a shrinkage 
of the observed intake distribution that is too much toward 
the group mean, hence an under-estimation of true percent-
age of the population above and below a cut-off when sta-
tistically correcting intake distributions. In addition, the use 
of country-specific food composition databases might affect 
the number of subjects whose intake was below the DRV. In Ta
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particular, when using different food composition databases, 
potential systematic errors in estimating nutrient intake 
would be different between countries, and in all probabil-
ity alternate with magnitude and direction. With increasing 
globalisation, however, the foods and mixed dishes available 
in different countries are not all grown/produced/prepared 
in the same manner and, therefore, using a country-specific 
composition database is likely to reflect nutrient intake more 
accurately.
Exclusion of under-reporters would have increased the 
prevalence of adherence to the food-based dietary guide-
lines and decreased the prevalence of inadequate nutri-
ent intakes, and inclusion of supplementation use would 
have decreased the prevalence of nutrient inadequacy even 
further. The present study did estimate the percentage of 
under- and over-reporters (Online Resource 1), but did not 
estimate intakes excluding them, because some of the mis-
reporters may truly be consuming a low- or a high-energy 
diet. Over the past decades, dietary supplementation use 
has increased in Europe with a clear north–south gradient 
[62], showing a high number of users in Denmark (Online 
Resource 1). Hence, it is likely that in countries with higher 
level of supplementation use, dietary supplementation might 
have contributed to improved total nutrient intakes, with its 
impact dependent on the supplementation formulation, the 
frequency of use, and the level of micronutrient intakes of 
those taking supplements. However, our interest is on nutri-
ent intakes from foods only to find nutritional gaps that are 
most in need to improve the healthiness of dietary intake.
In conclusion, there is considerable variation in food 
and nutrient intakes across European countries. The pre-
sent study indicated that the intake of food groups showed 
larger deviations from food-based dietary guidelines for the 
overall population and population subgroups of the coun-
tries we studied. In addition, results suggested inadequate 
nutrient intakes from foods for dietary fibre and vitamin D 
in all countries, and for potassium, magnesium, vitamin E 
and folate in specific regions. Individual-level dietary data in 
different European population and population subgroups are, 
therefore, needed for balancing diets for European citizen.
Moreover, individual-level dietary data from national 
surveys serve as a practical tool for describing the healthi-
ness of diet in terms of foods and nutrients, but dietary data 
harmonisation remains challenging. Using a common food 
classification system is a first step in the alignment of sur-
veys and necessary to enable cross-country comparisons for 
food group intakes. However, further steps, such as stand-
ardisation for energy, number of days, etc., are needed for 
harmonisation of dietary data. Besides the healthiness of 
dietary intake, these dietary surveys might also be impor-
tant in shaping optimised diets where other factors, such 
as environmental impact, affordability and consumer pref-
erences are incorporated. We aim, therefore, to support 
further engagement of key stakeholders from the food sup-
ply chain and policy-makers in the next stages for the design 
of SHARP diets.
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